Abstract-A Signal-Image fitted with a model function, embeds the property of the intensity-curvature content, which is defined through the math formu lae merging together the signal intensity with the second order derivatives of the model function. This work presents one of the measures of the intensity-curvature content, which is called the Intensity-Curvature Functional along with qualitative results obtained with Magnetic Resonance Imaging (MRI) of the hu man brain and also with a samp le contextual image. The IntensityCurvature Functional is calculated in three dimensions while re-sampling the signal-image with the trivariate cubic Lagrange interpolation formu la and also in two dimensions while re-samp ling using the b ivariate cubic Lagrange interpolation formu la. The Intensity-Curvature Functional is defined as the ratio between the numerator called intensity-curvature term before interpolation and the denominator called intensity-curvature term after interpolation. The intensity-curvature term before interpolation is calculated through the multiplication between: (i) the signal intensity and (ii) the su m of the second order partial derivatives of the model function, both of them calculated at the grid point. The intensitycurvature term after interpolation is calculated through the mu ltiplication between: (i) the signal intensity and (ii) the sum of second order partial derivatives of the model function, both of them calculated at the intrapixel location chosen to re-sample the signal. Two most relevant properties are discernible through the IntensityCurvature Functional. One property is the intensitycurvature content, and the other property is that the signal-image is re-imaged so to create a novel mapping of the original signal-image fro m which the IntensityCurvature Functional is calculated. The novel mapping highlights and portraits the original image features under a different perspective.
I. INTRODUCTION
The Intensity-Curvature Functional has been invented while describing a novel approach to improve the approximation propert ies of the bivariate linear interpolation function [1] and has been recently studied while reporting qualitative results obtained with Magnetic Resonance Imaging [2] . The idea to measure the signal-image intensity-curvature content is novel in literature. In this works the measurement of the intensity-curvature content is performed when the signal-image has been fitted with a math formula in order to perfo rm the signal processing technique called interpolation [3] [4] [5] . Within the context of the measurement of the signal-image content, interpolation assumes the role of provid ing the Intensity-Curvature Functional [6] [7] with both of the model function and the intra-pixel re-samp ling location. The intra-pixel resampling location is necessary in order to calculate both of the signal and the second order partial derivatives of the interpolation formula (model function).
The benefits of the Intensity-Curvature Functional have been extensively exp lored within the do main of the improvement of the approximat ion characteristics of the mathematical functions [6] [7] . It is yet to be ascertained the benefit of the Intensity-Curvature Functional in terms of its capability to re-image the signal. The concept of re-imaging the signal consists in creating a novel map of the signal wh ich highlights characteristics of the signal-image likewise discernible in the original form and portrait such characteristics under a different perspective. For examp le, this manuscript presents Intensity-Curvature Functional images which emphasizes on the intensity-curvature content of human brain structures such as the sulci (see Fig. 6 and Fig. 7 in the results section). Thus, the imaging modality chosen in this work to approach the study of the qualitative characteristics of the Intensity-Curvature Functional is the Magnetic Resonance Imaging (M RI) of the human brain. And, the interpolation formulae chosen to illustrate the results are the trivariate and bivariate cubic Lagrange formu lae [7] . As reported earlier [2] the Intensity-Curvature Functional is a dimensionless quantity because it is a ratio between terms of the same nature: the mult iplication between the signal-image Section IV discusses the requirements for the calculation of the Intensity-Curvature Functional and the characteristics of the mapping derived through the measurement of the signal-image intensity-curvature content.
II. THEORY
The theoretical requirements of the model interpolation function were given in [2] . Formu la (1) supersedes the (1) g iven in pg. 16 in [2] and it is the correct one to calcu late the Intensity-Curvature Functional.
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The derivatives included in the sums are all those partial second order derivatives of the Hessian of the model interpolat ion function. The model interpolation function chosen in this study is the trivariate (three dimensional) cubic Lagrange interpolation formu la given in (2).
The numerical values of the constants ω 1 and ω 2 are sums of the pixel intensity value in the neighborhood of the pixel to re-samp le (f (0, 0, 0)) [7] . The intensitycurvature term before interpolation E 0 (x, y, z) (wh ich is the numerator of (1)) and the intensity-curvature term after interpolation E IN (x, y, z) (wh ich is the denominator of (1)) are g iven in (3) and in (4) respectively. Where the values of П (1) , П (2) , П (3) and П (4) are given in (5), (6) , (7) and (8) 3  2  2  3  3  2  2  3   4  2  2  3  2  2  4  2  3  2   2  2  3  3  3  3  2  2   4  2  2  4  4  2  4  2   3  2  2  5  3  3  3  3   2  4  2  3  2  4  2  3  3   3  3  5  2  2  3  2  4   2  4  3  3 In Fig. 1 .a the reg ion of the brain enclosed in the white ellipse is mapped through the Intensity-Curvature Functional into Fig. 1 .e. In Fig. 1 .f is noticeable (see white arro ws) the mapping of the white matter seen in [8] [9] [10] [11] [12] [13] . Fig. 3 shows four more slices of the brain volume seen in Fig. 2 along with the Intensity-Curvature Functional maps seen in Figs. 3.b, 3.d, 3 .f and 3.h. The white circles in Figs. 3.a, 3 Fig. h emphasis is given to the capability of the the Intensity-Curvature Functional to portrait and highlight characteristics of the signal-image image specifically in the reg ion of the cerebellu m (as indicated by the white arrows), however as discernible in the rest of the images it is worth stressing on the non indifferent capabilities of (1) to highlight brain images details in all the reg ions of the cortical areas, when fitting the signal-image with the trivariate cubic Lagrange interpolation formu la (2) .
Another aspect which was investigated is the potentiality o f the Intensity-Curvature Functional to provide benefits when re-imaging the signal. More specifically, the research question which was investigated tends to ascertain as to if it is possible to discern in the Intensity-Curvature Functional images, a level of details yet not highlighted as they appear in the original images.
To investigate the aforementioned research question, the Intensity-Curvature Functional was calculated in t wo dimensions (on the basis of 2D images), and Fig. 6 and Fig. 7 p rovide illustrative results. The t wo d imensional cubic Lagrange interpolation formu la (9) was used to calculate the Intensity-Curvature Functional of the images seen in Fig. 6.a and Fig. 7 .a, and the IntensityCurvature Functional is shown in Figs. 6.b, 6.c, 6 .d and Figs. 7.b, 7.c, 7 .d respectively.
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IV. DISCUSSION AND CONCLUSION

A. Requirements for the Calculation of the IntensityCurvature Functional
To discuss these results it has to be clarified that the original intent of the Intensity-Curvature Functional was that one of the improvement of the appro ximation characteristics of the interpolation functions [1, 2, 6, 7] . While studying the improved interpolation paradig ms it has become increasingly noticeable the fact that the Intensity-Curvature Functional shows the main characteristic in that of portraying and highlighting the signal-image feature fro m which it is calculated. The aforementioned characteristic of the Intensity-Curvature Functional is consequential to the use of the joint informat ion content provided through the intensitycurvature measurement. Due to report that the intensitycurvature measure studied here can be calcu lated when the following three conditions are met.
One is that a model function (the interpolation function) is fitted to the signal-image. The second condition requires that the model function benefits of the property of second order differentiability, wh ich is the property of existence of non null valued second order partial derivatives of the model function. The third requirement is that the signal-image is re-sampled at an intra-pixel (2D) o r intra-vo xel (3D) location.
Indeed, for the calculation of the numerator of (1) the signal-image is the original one as indicated by the notation f(0) whereas the second order derivatives are calculated at the grid point of the pixel matrix either in 2D or in 3D. Whereas, for the calculation of the denominator of (1), the defin ition of Intensity-Curvature Functional given in (1) does require that both of the signal-image f(x) and the sum of second order partial derivatives are calculated at the intra-p ixel location x, either in two o r three d imensions. Additionally, fro m (1) it is not acceptable that the second order partial derivatives are null because the ratio in (1) cannot admit null denominator.
B. Characteristics of the Intensity-Curvature Functional
Another non indifferent characteristic of the IntensityCurvature Functional is that one of being a direct measure of the intensity-curvature content, which is a concept introduced in [2] along with other intensitycurvature measures and while studying the use of other interpolation functions.
Although a generalizat ion to all of the model functions having the property of second order differentiability is possible [6, 7] , the IntensityCurvature Functional studied in this manuscript is the one calculated in three dimensions with the trivariate cubic Lagrange interpolation function and in two dimensions with the bivariate cubic Lagrange interpolation function.
Results confirm the property of the IntensityCurvature Functional to be an intensity-curvature measure of non indifferent importance and this is demonstrated through the similarity with the signalimage and through the capability to portraying and highlighting, with high level of details, the features of the signal-image. Additionally, the possibility to tune the re-imag ing process through the change of the value of the intrapixel (2D) or intra-vo xel location (3D), prov ides the Intensity-Curvature Functional with another feature, which is that of displaying the original image it derives fro m, placing the emphasis on specific or part icular details of the original image. The aforement ioned behavior might offer the possibility to re-image the signal placing the emphasis on the image details which are in need to be highlighted and thus may yield a novel imaging tool to be used to study biomedical images such for instance the Magnetic Resonance Imaging of the human brain. The do main of applicability of the Intensity-Curvature Functional can be extended also to other imag ing modalities as suggested by the data presented in the results section.
C. Conclusion
In conclusion, the Intensity-Curvature Functional is a direct measure o f the intensity-curvature content of the signal image. Experimentations with the trivariate cubic Lagrange interpolation function, which was used to resample the images, confirm the capability of the aforementioned measure to highlight and reproduce quite faithfu lly and generally the level of details of the signal-image. Experimentations with the bivariate cubic Lagrange interpolation function, used to re-samp le the original image, instead, reveal the potentiality of the Intensity Curvature Functional to highlight particular and specific features of interest in the MRI brain images as well as in other imaging modalities.
